Abstract. cutaneous melanoma is very aggressive and results in high mortality rates for cancer patients. determining molecular targets is important for developing novel therapies for cutaneous melanoma. cell division cycle associated 8 (cdcA8) is a putative oncogene that is upregulated in multiple types of cancer. The present study aimed to examine the role of cdcA8 in cutaneous melanoma, with a focus on the association of its expression to prognosis and metastasis. First, the mRNA expression of cdcA8 in cutaneous melanoma tissues was investigated using the ONcOMINE and Gene Expression Omnibus (GEO) databases. Furthermore, the relationship between the expression of cdcA8 and cutaneous melanoma patient survival was analyzed using a Kaplan-Meier plot and Log Rank test. In addition, the effects of cdcA8 on proliferation, migration and invasion of cutaneous melanoma cell lines were investigated using reverse transcription-quantitative polymerase chain reaction (RT-qPcR), cell counting kit-8, colony formation assay, wound healing and Matrigel assay. Finally, the expression levels of key proteins related to the Rho-associated coiled-coil-containing protein kinase (ROcK) signaling pathway were measured by western blot assay. The results demonstrated that cdcA8 was overexpressed in cutaneous melanoma tissues and cells lines compared with normal tissues, and high expression of cdcA8 was significantly associated with poorer prognosis in patients with cutaneous melanoma. In in vitro experiments, cdcA8 knockdown inhibited A375 and MV3 cell proliferation, migration and invasion. In addition, cdcA8 knockdown reduced the phosphorylation levels of ROcK1 and myosin light chain, two downstream effector proteins of the ROcK pathway. In summary, the present findings suggested that CDCA8 may be a promising therapeutic target for the treatment of cutaneous melanoma.
Introduction
cutaneous melanoma is transformed from melanocytes, and the predominant cause of melanoma is believed to be long-term UV irradiation (1) . Melanoma has a highly invasive nature; even a primary tumor with a diameter of 2.5-4 mm can metastasize to multiple organs in the whole body, leading to a very poor prognosis (2, 3) . In 2014, there were >76,000 new cases of melanoma in the United States and >9,000 patients succumbed to melanoma (4) . Sadly, at present, the 5-year overall survival (OS) rate for patients with stage IV melanoma is <15% (5,6) Furthermore, patients suffering from metastatic melanoma have a poor prognosis (1, 3) . Thus, identifying novel biomarkers related to the prognosis and progression of melanoma may improve the treatment and outcomes for patients with melanoma.
The human cell division cycle associated 8 (cdcA8) protein is an integral part of the vertebrate chromosomal passenger complex (cPc) (7) . The cPc consists of at least four proteins: Aurora B, inner centromere protein (INcENP), survivin, and cdcA8, overexpression of which is associated with tumorigenesis of human cancers (8, 9) . cdcA8 is a putative oncogene that is upregulated in multiple types of cancer and is necessary for the survival and malignant nature of various cancer cells (10) . Its overexpression is involved in the progression of lung cancer and breast cancer (11) , and can result in poor prognosis of gastric cancer and lung cancer (12) . Thus, cdcA8 is considered to be a promising target for the development of novel therapeutics and diagnostics. despite these previous studies, the role of cdcA8 on cutaneous melanoma remains unexplored.
Rho-associated coiled-coil-containing protein kinase (ROcK) is a serine threonine kinase modulating several critical cellular processes, including actin cytoskeleton organization, apoptosis, reactive oxygen species formation, cell migration and adhesion (13) (14) (15) . In mammalians, two highly homologous isoforms, ROcK1 and ROcK2 has been identified. ROCK has several phosphorylation substrates, including myosin light chain (MLc), myosin light chain phosphatase (MLcP), and LIM kinase (LIMK) (16) have identified ROCK as a promising candidate for the therapy of highly metastatic cancer (17) . The present study aimed to investigate the role of cdcA8 in cutaneous melanoma and its effect on the ROcK signaling pathway. First, the mRNA expression of cdcA8 in cutaneous melanoma tissues and the association between cdcA8 expression and cutaneous melanoma patient survival were examined, using the ONcOMINE and Gene Expression Omnibus (GEO) databases. Second, the effects and functional mechanism of cdcA8 on cutaneous melanoma cell lines were investigated in vitro.
Methods and materials
Database analysis. The data of cdcA8 expression in cutaneous melanoma were downloaded from the ONcOMINE (http://www.oncomine.org) database, which contained 45 cutaneous melanoma samples and 7 normal samples. In addition, cdcA8 expression data (GSE8401) for melanoma metastases were downloaded from the public GEO (https://www.ncbi. nlm.nih.gov/geo/) database, which contained 31 primary melanoma tumor samples and 52 metastatic melanoma tumor samples.
The relationship of cdcA8 expression with clinical features in cutaneous melanoma patients was analyzed using data downloaded from The cancer Genome Atlas (TcGA; https://cancergenome.nih.gov/) database. Based on these data, a statistical analysis of the effect of cdcA8 on the prognosis of cutaneous melanoma was performed.
Cell culture. The human cutaneous melanoma cell lines A375 and MV3, and the normal human cells Hacat were purchased from the Type culture collection of the chinese Academy of Sciences (Shanghai, china). cells were routinely cultured in RPMI-1640 culture medium (Thermo Fisher Scientific, Inc., Waltham, MA, USA) at 37˚C in a 5% CO 2 atmosphere, supplemented with 100 U/ml penicillin, 0.1 mg/ml streptomycin (both from Sigma-Aldrich; Merck KGaA, darmstadt, Germany) and a fetal bovine serum (Gibco; Thermo Fisher Scientific, Inc.) concentration of 10%. The cells were washed 3 times with PBS and digested with trypsin following growth to the logarithmic phase. A single cell suspension was then seeded into six-well plates for following experiments.
Cell transfection. When cell density in the six-well plates reached ~80%, according to the manufacturer's instructions, the cells were transfected with small interfering (si)RNA targeting cdcA8 (si-cdcA8, 5'-GUG GAA AUA cGA AUc AAG c-3'), or non-specific control si-RNA (si-con; 5'-UUc Ucc GAA cGU GUc AcG U-3') using Lipofectamine 2000 transfection reagent (Invitrogen; Thermo Fisher Scientific, Inc.) for 24 h. Afterwards, the effect of the siRNA transfection was verified by reverse transcription-quantitative polymerase chain reaction (RT-qPcR), and the cells were used for subsequent experiments.
RT-qPCR assay. Following transfection for 24 h, total RNA was extracted from cells by 1.0 ml TRIzol (Invitrogen; Thermo Fisher Scientific, Inc.). Total RNA was synthesized into cDNA with the reverse transcriptase M-MLV kit (Takara Biotechnology co., Ltd., dalian, china). The expression levels of cdcA8 were detected by qPcR using the SYBR Premix Ex Taq kit (Applied Biosystems, Foster City; Thermo Fisher Scientific, Inc.). The primers were: GAPdH forward, 5'-GGA GcG AGA Tcc cTc cAA AAT-3' and reverse, 5'-GGc TGT TGT cAT AcT TcT cAT GG-3'; and cdcA8 forward, 5'-GTT ccA AGG AGA AGc ccA cA-3' and reverse, 5'-ccG GTc cAc ATT cTc TGG AA-3' . GAPDH was used as an internal control. The specific thermocycling conditions were as follows: 5 min at 95˚C, followed by 40 cycles of 95˚C for 30 sec and 60˚C for 45 sec, and a final step of 72˚C for 30 min. The relative quantification of CDCA8 expression was determined by the 2 -ΔΔcq method (18) and each sample was repeated three times independently.
Cell proliferation assay. At 24 h post-transfection, cells were counted and 100 µl cell suspensions (1,000 cells/well) were seeded into 96-well plates. According to the manufacturer's introductions, the viability of A375 and MV3 cells was detected every 24 h (at 24, 48, 72 and 96 h) using the cell counting kit-8 assay (ccK-8; Beijing Solarbio Science & Technology co., Ltd., Beijing, china), after 10 µl ccK-8 reagent was added in each well. A proliferation curve was plotted based on optical density (Od) values measured at 450 nm by a microplate reader (Bio-Rad Laboratories, Inc., Hercules, cA, USA). Every sample was assayed three times.
Colony formation assay. cell suspensions (400 cells/plate) were seeded into 60 mm plates containing 5 ml culture medium at 37˚C, following transfection for 24 h. After 2 weeks, visible clones could be observed in the culture plates. Subsequently, colonies were fixed and stained for 30 min, following washing 2 times with PBS. The number of colonies in the two groups were counted and compared under a microscope in 5 random optical fields. Each sample was repeated in triplicate.
Matrigel and wound healing assay. Matrigel and the wound healing assay were used to detect cell invasion and migration, respectively. For cell invasion, 100 µl Matrigel (Bd Biosciences, Franklin Lakes, NJ, USA; serum-free medium diluted 1:6) was added to the upper chamber of a 24-well plate Transwell chamber and then placed in a 37˚C 5% CO 2 incubator for 4-6 h to form a gel. Subsequently, 100 µl transfected cell suspension (1x10 5 ) was added in the upper chamber, while 500 µl complete medium was added into the bottom chamber. Following overnight culture so that the cells invade to the lower surface of the filter, cells were washed and fixed with 4% paraformaldehyde for 30 min. Finally, invaded cells were stained with 0.1% crystal violet for 20 min and 5 visual fields were selected randomly using a BX51 inverted microscope (Olympus corporation, Tokyo, Japan) at magnification, x100.
For the wound healing assay, cells were cultured in RPMI-1640 medium in six-well plates (5x10 5 cells/ml) for 24 h, then a wound was made in each plate with a 100 µl plastic pipette tip. After being washed three times with PBS, the cells were cultured for another 24 h. The wound width was then observed in each well using an Olympus BX51 microscope (Olympus Corporation) at magnification, x200 in five random fields. Each sample was performed in triplicate.
Western blot analysis. Following transfection for 24 h, total proteins were extracted from the cells with the Radio Immunoprecipitation Assay (RIPA) lysis buffer (Beyotime Institute of Biotechnology, Shanghai, china). Then the protein concentrations were quantified with a BCA Protein Assay kit (Beyotime Institute of Biotechnology). Total protein samples (20 µg/lane) were separated by SdS-PAGE in a 10% polyacrylamide sequencing gel and transferred onto a polyvinylidene f luoride (PVdF) membrane. Following blocking with 5% non-fat dry milk for 1 h, the membranes were incubated with primary antibodies overnight at 4˚C. After washing for 3-5 min, the membranes were incubated with secondary antibodies at room temperature for 1 h. The antibodies were as follows: ROcK1 Rabbit Polyclonal antibody (cat. no. 21850-1-AP; 1:1,000 dilution), β-Actin Rabbit Polyclonal antibody (cat. no. 20536-1-AP; 1:1,000 dilution), MLc 2 Rabbit Polyclonal antibody (cat. no. 55462-1-AP; 1:2,000 dilution) and secondary horseradish peroxidase-labelled goat anti-rabbit antibody (cat. no. 10545-2-AP; 1:5,000 dilution), Rabbit anti-human tubulin (cat. no. 10068-1-AP; 1:5,000 dilution; all ProteinTech Group, Inc., chicago, IL, USA) was used as the internal control and the relative expression of the target protein was calculated relative to the tubulin expression, following detection with an electro-chemiluminescence imaging analysis system (Thermo Fisher Scientific, Inc.). The bands were scanned and analyzed with the Quantity One software (Bio-Rad Laboratories, Inc.).
Statistical analysis. The Kaplan-Meier's estimator and the Log rank test were used to detect the prognostic value of cdcA8 expression. comparisons between two groups were performed with the Student's t-test, while comparisons between multiple groups were performed with one-way analysis of variance. comparison between the groups was made by a Student-Newman-Keuls test. All statistical analyses were performed with SPSS 22.0 (IBM corp., Armonk, NY, USA) software. data were presented as mean ± standard deviation. P<0.05 was considered to indicate a statistically significant difference.
Results

CDCA8 is upregulated in cutaneous melanoma tissues.
Firstly, based on the ONcOMINE and GEO data, cdcA8 expression levels were demonstrated to be significantly increased in cutaneous melanoma tissues compared with normal skin tissues (Fig. 1A) . In addition, cdcA8 levels in metastatic melanoma tumors were significantly higher compared with primary melanoma tumors (Fig. 1B) .
Correlation of CDCA8 expression and clinical characteristics of patients with cutaneous melanoma.
In order to further explore the impact of cdcA8 on cutaneous melanoma progression, RNA-Sequencing data of cdcA8 expression from TcGA database were downloaded, and the correlation was analyzed using Perl language package and chi-square test. As presented in Table I , the expression levels of cdcA8 were significantly associated with lymph node metastasis in cutaneous melanoma patients (P=0.039). By contrast, age, sex, clinical-stage, primary tumor and metastasis stage were not relevant to cdcA8 expression (all P>0.05). These results indicated that cdcA8 was associated with the progression of cutaneous melanoma.
High CDCA8 expression is associated with poor prognosis in cutaneous melanoma patients. Next, the correlation between the prognosis of cutaneous melanoma patients and cdcA8 expression levels was explored using Kaplan-Meier analysis and Log-rank test. As illustrated in Fig. 1c , the survival rates of the cdcA8 high expression group and the low expression group were significantly different (P= 0.0062). The overall survival time of patients with high cdcA8 expression was significantly shorter, suggesting that CDCA8 expression might be a prognostic marker in cutaneous melanoma patients.
In order to further confirm these results, cox proportional hazards analysis was performed (Table II) . Significant univariate associations of survival were observed for cdcA8 expression, clinical stage, pathologic-T, pathologic-N stage and age (all P<0.01; Table II ). Multivariate analysis further identified two of these factors to be significant negative predictors of survival: cdcA8 expression [hazard ratio (HR)=1.615, P=0.003)] and pathologic-T stage (HR=1.923, P=0.000). These results demonstrated that cdcA8 was an independent predictor for prognosis of cutaneous melanoma patients.
CDCA8 is overexpressed in cutaneous melanoma cells.
To characterize the prognosis-associated cdcA8 activity in vitro, the expression levels of cdcA8 were examined in cutaneous melanoma cells A375 and MV3, and in the normal Hacat cells, by RT-qPcR analysis. As illustrated in Fig. 2A , CDCA8 expression was significantly increased in A375 and MV3 cells compared with Hacat cells (both P<0.01). These results suggested that cdcA8 was upregulated in cutaneous melanoma cells.
CDCA8 knockdown in A375 and MV3 cells.
Subsequently, a knockout vector carrying siRNA targeting cdcA8 (si-cdcA8) was transfected into A375 and MV3 cells. A non-targeting siRNA sequence (si-con) was used as a control. Total RNA and total protein was extracted from the cells at 24 h post-transfection and examined by RT-qPcR and western blot analysis, respectively. The results demonstrated that si-CDCA8 could significantly reduce the mRNA and protein expression levels of cdcA8 in A375 and MV3 cells, and the knockdown efficiency was >70% ( Fig. 2B-D ; all P<0.01).
CDCA8 knockdown results in decreased proliferation in cutaneous melanoma cells.
The function of cdcA8 was explored next in cutaneous melanoma cells. Firstly, cell proliferation activity was examined following cdcA8 knockdown in A375 and MV3 cells using ccK-8 and colony formation assays. In A375 cells, the Od value in si-CDCA8 group was significantly decreased compared with the si-con group at 72 and 96 h (Fig. 3A; P<0.01) . Similar results were observed in MV3 cells ( Fig. 3B; P<0.01 ). In addition, the colony formation rate of cells treated with si-cdcA8 was significantly decreased compared with the control cells, in both A375 and MV3 cell lines ( Fig. 3c and d; P<0.01 ). The present results demonstrated that knockdown of cdcA8 suppressed the proliferation of cutaneous melanoma cells.
CDCA8 knockdown inhibits cutaneous melanoma cell migration and invasion. Next, wound healing was performed to examine the migration speed of A375 and MV3 cells following cdcA8 knockdown. As illustrated in Fig. 4 , cell migration was markedly decreased in cdcA8-silenced cells compared with the si-con group (P<0.01). Furthermore, the results from Matrigel invasion assay demonstrated that the number of invaded cells in the si-cdcA8 group was significantly reduced compared with the si-con group ( Fig. 5;  P<0 .01). These findings indicated that CDCA8 knockdown inhibited migration and invasion in cutaneous melanoma cells.
CDCA8 knockdown inhibits the activation of ROCK signaling in cutaneous melanoma cells.
Given that the ROcK signaling pathway has an important role in cancer and, particularly, in cell motility, metastasis and angiogenesis, the hypothesis that cdcA8 may regulate the ROcK pathway was examined in vitro. The western blot results demonstrated that cdcA8 knockdown in A375 and MV3 cells reduced the expression levels of ROcK1 and the Table I . clinicopathological parameters of patients with cutaneous melanoma in relation to cdcA8 expression. phosphorylation levels of MLc, two downstream effector proteins of the ROcK pathway ( Fig. 6 ; all P<0.01). The above results indicated that the ROcK signaling pathway might be involved in cutaneous melanoma cell proliferation and invasion induced by cdcA8.
Expression of cdcA8 -------------------------------------------
Discussion
To our knowledge, there has been no study exploring the function of cdcA8 in melanoma, including in vitro studies in cutaneous melanoma cells. In the present study, for the first time, we identified a close association between cutaneous melanoma cells and cdcA8 expression. Based on ONcOMINE and GEO data, cdcA8 expression levels were demonstrated to be overexpressed in cutaneous melanoma tissues compared with normal tissues, and high cdcA8 expression was associated with poor prognosis in cutaneous melanoma patients. The in vitro results demonstrated that the cutaneous melanoma cell lines A375 and MV3 had increased cdcA8 expression compared with normal cells. Notably, cdcA8 knockdown inhibited cell proliferation, migration and invasion in both cutaneous melanoma cell lines. Furthermore, the regulation of cdcA8 expression and function was strongly associated with the ROcK pathway. As a mitotic regulatory gene, the activation of cdcA8 transcription should conduce to the rapid cell growth (19). In fact, cdcA8 has been demonstrated to be indispensable for the growth of lung cancer cells, which was significantly inhibited by siRNA against cdcA8 (7, 19, 20) . In addition, proliferation of human embryonic stem cells (hEScs) was also reduced by cdcA8 knockdown (21) . These studies are consistent with the present findings that CDCA8 knockdown inhibited the A375 and MV3 cell proliferation, migration and invasion. Furthermore, the present analysis revealed that the expression of CDCA8 was significantly associated with lymph node metastasis. Regional lymph node metastases constitute the most common mode of initial presentation with metastatic melanoma (22) (23) (24) . The updated 2009 AJcc melanoma staging system reported that, in the absence of nodal metastases, patients with intralymphatic metastases have a 5-year survival rate of only 69% (25) , which may be one of the reasons cdcA8 affects the prognosis of cutaneous melanoma patients. In addition to being associated with poor prognosis in cutaneous melanoma patients, cdcA8 was also an independent prognostic factor, similar to the role of cdcA8 observed previously in breast cancer (12) . These results indicate that cdcA8 has a crucial role in the progression of cutaneous melanoma.
In the present study, cdcA8 knockdown inhibited ROcK signaling in cutaneous melanoma cells. The ROcK signaling pathway is associated with cell proliferation and differentiation, apoptosis, cell cycle, cell polarity, the cytoskeleton and vasoconstriction (13, 14, 26) . The upstream protein Rho GTPase exists in all eukaryotic organisms and has roles in cell migration, movement, proliferation and differentiation (27) . Activated RhoA binds directly to the c-terminus of ROcK and activates it. Activated ROcK phosphorylates myosin and its regulatory proteins to regulate changes of and contract the cytoskeleton (28) . Therefore, ROcK signaling is important for cytoskeleton reorganization, cell migration, movement, contraction and proliferation. ROcK1, one of the two ROcK isoforms, is a major downstream effector of the small GTPase RhoA (29, 30) . ROcK1 has a role in cancer, especially cell motility, metastasis, and angiogenesis (27, 31, 32) . Furthermore, ROcK directly phosphorylates MLc, conducing to the actin-myosin force generation that is required for membrane blebbing (15) , cell contraction (26, 33) and the formation of apoptotic bodies (29) . The present results suggested that cdcA8 knockdown reduced the expression levels of ROcK1 and phosphorylated MLc in A375 and MV3 cells. Taken together, these findings suggest that cdcA8 knockdown inhibited cutaneous melanoma cell proliferation and invasion potentially via the ROcK signaling pathway.
In summary, the present study used bioinformatics analysis and in vitro cell experiments to demonstrate that cdcA8 is a facilitator of the malignant progression of cutaneous melanoma cells via the ROcK pathway. Therefore, cdcA8 might be a promising prognostic factor and a potential therapeutic target for cutaneous melanoma patients. However, there are several limitations in this study. cdcA8 was suggested to be phosphorylated in vitro by aurora kinase B (AURKB), and co-transactivation of cdcA8 and AURKB was observed in several cancers. consequently, the AURKB expression in cutaneous melanoma samples needs to be evaluated in synergy with cdcA8 in vitro. In addition, a decrease in ROcK1 expression may cause an increase in caspase-3/cleaved-caspase-8, which is important in cell apoptosis. Further studies to investigate the cell apoptosis following cdcA8 knockdown are necessary. Finally, further investigations with overexpression of cdcA8 and/or cdcA8 inhibitors are warranted in subsequent studies.
